7.91 — Lecture #1 Michael Yaffe
Introduction to Bioinformatics

Focus on Kinases

& Pairwise Sequence Comparisons
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Reading:
This lecture: Mount pp.1-7, 29-35, 45-48, 51-64
Next lecture: Mount pp. 8-9, 65-89, 96-115, +more

The Protein Data Bank (PDB - http://www.pdb.org/) is the single
worldwide repository for the processing and distribution of 3-D
biological macromolecular structure data.

Berman, H. M., J. Westbrook, Z. Feng, G. Gilliland, T. N. Bhat,

H. Weissig, I. N. Shindyalov, and P. E. Bourne. The Protein Data
Bank. Nucleic Acids Research 28 (2000): 235-242.

(PDB Advisory Notice on using materials available in the archive:
http://www.rcsb.org/pdb/advisory.html)



Outline

Review of biological fundamentals
Genetics example

Biological databases/NCBI resources
Simplified sequence analysis — where to start...
Simple seguence comparisons
Definitions of related sequences

Concepts and types of alignments — the good,
the bad, and the ugly

Dot matrix alignments

Computational efficiency

Recursion and dynamic programming
Substitution matrices: PAM, BLOSUM, Gonnet



Outline (cont)

Gaps

Applied dynamic programming: global
alignments: Needleman-Wunsch

Applied dynamic programming: local
alignments — Smith-Waterman

Basic statistics of sequence alignments




Review of biological fundamentals

Genetic material
* gene as a concept
* DNA as hereditary material

DNA
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cell functions
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Protein structure

Side chain

Amino group Carboxyl group
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Codon Table

(5")....pNpNpN....(3") in mRNA

Middle Base of Codon =3
Base at 5' End Base at 3' End

of Codon * U C A G of Codon *

) phe (UUU) tyr cys
phe tyr cys
leu termination termination

Q » O C

leu termination trp

his
his

leu
leu
leu gln

leu gln
ile
ile

ile

Q» Oc a » OCc

met
(and initiation)

val
val
val

val
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“Anti-Sense”
strand

Convention:
Sense strand
Read 52 3’

J} Reverse Complement



Genetics experiment:

Isolate a yeat mutant that has increased chromosome number

phenotype

Can rescue the phenotype with a piece of DNA

...corresponds to a site of mutation in the yeasts DNA

genotype

CGTTTTTCCTGTAAAGCGCTTAATTTGTTTACCATTCTATAAAAACCTTGAGCTAAGGCCAACTGATGCA
ATTGCTCAAGTGAATGCATAAACAAAGCAAGATCATTCTTAGCGCAAAAAAAACTGGGATTTTGAAATAC
AACAAAAGAAAGAAGTAAAAAGGGAATGCAACGCAATAGTTTAGTAAATATCAAACTAAACGCTAATTCG
CCATCGAAAAAGACCACAACAAGACCAAATACGTCCAGGATCAATAAACCATGGAGAATATCCCATTCGC
CGCAGCAAAGAAACCCGAATTCAAAAATACCTTCACCTGTAAGAGAAAAATTGAACAGATTACCTGTAAA
CAATAAGAAGTTTTTGGATATGGAAAGCTCCAAAATTCCATCACCTATAAGGAAAGCGACTTCTTCCAAA
ATGATACACGAAAATAAGAAGCTACCTAAATTTAAATCCCTATCACTCGATGACTTTGAACTGGGGAAGA
AATTAGGAAAGGGTAAATTCGGTAAAGTTTATTGCGTTCGGCACAGGAGTACAGGATATATTTGCGCACT
GAAAGTAATGGAGAAGGAAGAAATAATAAAGTATAATTTACAGAAACAATTCAGAAGGGAGGTAGAAATA
CAAACATCGCTAAATCATCCGAATCTAACTAAATCATACGGCTATTTTCATGATGAAAAAAGAGTGTACC
TGCTAATGGAATACTTAGTCAATGGGGAAATGTATAAACTATTGAGGTTACACGGACCCTTCAACGATAT
TTTAGCATCAGATTATATTTATCAAATTGCCAATGCCCTAGATTATATGCATAAAAAGAATATTATTCAT
AGAGATATTAAACCTGAAAATATACTAATAGGGTTCAATAATGTCATTAAGTTAACGGACTTCGGATGGA
GTATAATAAATCCGCCAGAAAATAGAAGGAAAACTGTCTGTGGGACAATTGACTACCTTTCTCCAGAAAT
GGTGGAGTCAAGGGAATATGATCACACTATAGATGCATGGGCTCTTGGCGTCCTGGCGTTTGAACTACTG
ACCGGTGCCCCTCCGTTCGAAGAAGAAATGAAAGATACTACATATAAAAGGATAGCAGCACTGGATATCA
AAATGCCCAGTAACATTTCTCAGGATGCGCAAGATTTAATACTTAAACTACTAAAATACGACCCCAAAGA
TAGAATGCGCCTTGGAGACGTAAAAATGCATCCTTGGATACTAAGAAACAAGCCCTTTTGGGAAAATAAG
CGGTTATAGAATTAAAGTATGACAGAATCGTTTGAAGGGCACTATTAATCACTCCCGCACATATCACATA
ATACTAAGTATCCATTTCTAATATTTCATTACTCTTTTCGGCATCGTATATTGCGATATTTGATTAAATT
TTCTTGTTCATTTTTTCCTCTTTTCTTTCGCCTTTGTCGAAAGAAAAGAGGAAAACAAGCTGAAAATTGC
TATGCATTAAAGTAGCAGATTTACTTTGTTGAGTTGGTTCTGATCAATAATAAGAGTAATGAAAGAAAGC
AAAAAAATGGCTAAAGATAATTTAACTAATTTGCTCTCTCAATTGAACATTCAATTGTCTCAA




The National Center for Biotechnology
Information

 Created as a part of NLM in 1988
— Establish public databases
— Perform research in computational biology
— Develop software tools for sequence analysis
— Disseminate biomedical information




Molecular Databases

 Primary Databases
— Original submissions by experimentalists

— Database staff organize but don’t add additional
Information

« Example: GenBank

 Derivative Databases

— Human curated
e compilation and correction of data
« Example: SWISS-PROT, NCBI RefSeq mRNA

— Computationally Derived
« Example: UniGene
— Combinations
« Example: NCBI Genome Assembly




What 1s GenBank?

NCBI's Primary Sequence Database

Nucleotide only sequence database
Archival in nature
GenBank Data

— Direct submissions individual records (Bankit,
Sequin)

— Batch submissions via email (EST, GSS, STS)

— ftp accounts sequencing centers

Data shared three collaborating databases

— GenBank

— DNA Database of Japan (DDBJ).

— European Molecular Biology Laboratory Database
(EMBL) at EBI.
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163 Mb

Relationships of chromosomes to genome sequencing markers.

The X chromosome is about 163 Mb in length. In this diagram, there are 16 overlapping
BAC clones that span the entire length. In reality, 1,408 BACs were needed to span the X
chromosome. Arrows (top) mark STSs scattered throughout the chromosome and on
overlapping BACs.




GenBank: NCBI's Primary
Sequence Database

Release 133 December 2003
19,808,101 Records
28,507,990,166 Nucleotides
110,000 + Species

o full release every two months
 iIncremental and cumulative updates daily
 avallable only through internet

ftp://ftp.ncbi.nih.gov/genbank/

107.07 Gigabytes of data



GenBank Divisions
Bulk Sequence Divisions
PAT Patent
=11 Expressed Sequence Tags
STS Sequence Tagged Sites
GSS Genome Survey Seguences

HTG High Throughput Genome
HTC High Throughput cDNA
CON Contig

Traditional Divisions
BCT INV MAM PHG PLN PRI
ROD SYN UNA VRL VRT




The International Sequence
Database Collaboration
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Genetics experiment:

Isolate a yeat mutant that has increased chromosome number

phenotype

Can rescue the phenotype with a piece of DNA

...corresponds to a site of mutation in the yeasts DNA

genotype

CGTTTTTCCTGTAAAGCGCTTAATTTGTTTACCATTCTATAAAAACCTTGAGCTAAGGCCAACTGATGCA
ATTGCTCAAGTGAATGCATAAACAAAGCAAGATCATTCTTAGCGCAAAAAAAACTGGGATTTTGAAATAC
AACAAAAGAAAGAAGTAAAAAGGGAATGCAACGCAATAGTTTAGTAAATATCAAACTAAACGCTAATTCG
CCATCGAAAAAGACCACAACAAGACCAAATACGTCCAGGATCAATAAACCATGGAGAATATCCCATTCGC
CGCAGCAAAGAAACCCGAATTCAAAAATACCTTCACCTGTAAGAGAAAAATTGAACAGATTACCTGTAAA
CAATAAGAAGTTTTTGGATATGGAAAGCTCCAAAATTCCATCACCTATAAGGAAAGCGACTTCTTCCAAA
ATGATACACGAAAATAAGAAGCTACCTAAATTTAAATCCCTATCACTCGATGACTTTGAACTGGGGAAGA
AATTAGGAAAGGGTAAATTCGGTAAAGTTTATTGCGTTCGGCACAGGAGTACAGGATATATTTGCGCACT
GAAAGTAATGGAGAAGGAAGAAATAATAAAGTATAATTTACAGAAACAATTCAGAAGGGAGGTAGAAATA
CAAACATCGCTAAATCATCCGAATCTAACTAAATCATACGGCTATTTTCATGATGAAAAAAGAGTGTACC
TGCTAATGGAATACTTAGTCAATGGGGAAATGTATAAACTATTGAGGTTACACGGACCCTTCAACGATAT
TTTAGCATCAGATTATATTTATCAAATTGCCAATGCCCTAGATTATATGCATAAAAAGAATATTATTCAT
AGAGATATTAAACCTGAAAATATACTAATAGGGTTCAATAATGTCATTAAGTTAACGGACTTCGGATGGA
GTATAATAAATCCGCCAGAAAATAGAAGGAAAACTGTCTGTGGGACAATTGACTACCTTTCTCCAGAAAT
GGTGGAGTCAAGGGAATATGATCACACTATAGATGCATGGGCTCTTGGCGTCCTGGCGTTTGAACTACTG
ACCGGTGCCCCTCCGTTCGAAGAAGAAATGAAAGATACTACATATAAAAGGATAGCAGCACTGGATATCA
AAATGCCCAGTAACATTTCTCAGGATGCGCAAGATTTAATACTTAAACTACTAAAATACGACCCCAAAGA
TAGAATGCGCCTTGGAGACGTAAAAATGCATCCTTGGATACTAAGAAACAAGCCCTTTTGGGAAAATAAG
CGGTTATAGAATTAAAGTATGACAGAATCGTTTGAAGGGCACTATTAATCACTCCCGCACATATCACATA
ATACTAAGTATCCATTTCTAATATTTCATTACTCTTTTCGGCATCGTATATTGCGATATTTGATTAAATT
TTCTTGTTCATTTTTTCCTCTTTTCTTTCGCCTTTGTCGAAAGAAAAGAGGAAAACAAGCTGAAAATTGC
TATGCATTAAAGTAGCAGATTTACTTTGTTGAGTTGGTTCTGATCAATAATAAGAGTAATGAAAGAAAGC
AAAAAAATGGCTAAAGATAATTTAACTAATTTGCTCTCTCAATTGAACATTCAATTGTCTCAA
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Mouse -over ta show defline and scores. Click to show alignments
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Using
Entrez

An integrated database
search and retrieval system



Entrez: Database

Integration
Word weight

VAST
Phylogeny

BLAST Protein BLAST

sequence




The (ever) Expanding Entrez
System

.PubMed Nucleotide
CuriGene > rotein >
Gournals CStructure
~ ’ Genome

®. Entrez
EDY

ProbeSet Books




Entrez Databases

PubMed Biomedical literature

Books Online textbooks

Nucleotide GenBank, EMBL, DDBJ, RefSeq, PDB

Protein [GenBank, EMBL, DDBJ], RefSeq,
SWISS-PROT, PIR, PRF, PDB

Genome Complete genomes

Taxonomy Organisms in NCBI sequence databases
Structure MMDB: experimental 3D structures
Domains CDD: conserved protein domains

3D Domains  Compact 3D protein domains in MMDB
OMIM Online Mendelian Inheritance in Man

SNP Single nucleotide polymorphisms
UniSTS Sequence Tagged Site markers
ProbeSet Gene expression and microarray datasets

PopSet Population study datasets
UniGene Gene-based expressed sequence clusters



NCBI Sequence Viewer - Netscape

4. » oy D) S -6
= A Traditional GenBank Record '~ <

FhMail &

g | = NCBI Sequence Viewer T = LocusLink ! = UniGene T S Entrez GEO - Gene Expressi... |

¥z

W Nucleotlde

Genoime Struc ture M Tax oy Books

@ :
' @&
. Prodain
Search | Nucleotide | for
Limits B Preview/index Defin“-ion =Ti1.|e Details

Display default | Show:| 20 =| Send to File o | Get

7 1: U07163. Saccharomyces cer.. [g1:460243) / Links
LOocus SCUDT7163 1603 bp DHA TEAr FLN 04=-AUG=1994

DEFINITION Saccharomyces cerevisiae 5288C Ipllp protein kinase (IPL1l) gene,
complete cds.
BCCESSION un7163

VERSION Ud7163.1 GI:460243
EEYWORDS
S0URCE Saccharomyces cerevisiae (baker's yeast)

ORGANISM Saccharomyces cerevisiae
Eukaryota; Fungl; Ascomycota; Saccharomycotina; Saccharomycetes;

Sacch ; Saccharon : Saccharon ) | A : N b
REFERL I: ac?b:;_ggl}rgetz E'EEI}}E[CC alD]'l}fCE‘r_aceac_r TCC a]_D]"l}rCCS Ccess'on um er

AUTH(
4 ACCESSION ~ U07163 ——
=5 VERSION U07163.1 GI:460243
AUTHC S T, T
géaigﬂ EiEE?ELSEbmi%Sigﬂ;””’j:;gzzi;;;VS.ﬁ- DEPErLTE?LLof Seie
| Version Numbep |72/ | 777

GI Number

forganism="Saccharomyces c
fmol type="genomic DNA"
fetrain="S288C"
fdb_xref="taxon:4832"
fclone="pCC36"
felone lib="¥CpS0 library
gene 166..1269
fgene="IPL1"

cus . |NCBI's Taxonomy

ffunction="yeast g
fcodon_start=l
fproduct="Ipllp protein kinase"
fprotein_id="ARAJ0496.1"

fdb xref="GI:460244"




FASTA Format

DIEI]l.:—l‘:.-’ FASTA * Show: 20 - Send to File d Cet SubﬂequenJ
} '|FASTA Definition Line ot
=T N
CGTTT A
sored > 1 |4 0243 |/bJUO7 63 1 SCUO7163 I
B BT By Dy > —rre G
CCATCEAAAAAE CAACAAEAC ACETCC&EEATC CCE-'LTEEAE » - I:I:ATTCEC
CGCAG ARTTC CTTCACCTGTAAGAG WLATTGAMC A
canta| gi number frrarce ABAATTCCATCACCTR annced Locus Name
ATGAT GA] TCO TTT S —
ARTTAGGARAGGGTARATT o o GAG LTATATTTGECG CELCT
CAAACTAATCCACAACCAR DGTGbGSe Iden‘l'lfler's ' A mb TA
CARACATCGCTARATCATC| gb GenBank 11| Accession humber |cc
TGCTAATGGAATACTTAGT GTr= 2L N N2 T L S N W AT
TTTAGCATCAGATTATATT emb EMBL ATGCATARARARGARTATTATTCAT
AGAGATATTARACCTGARR dbj DDBJ’ TTAAGTTAARCGGACTTCGGATGGA
GTATAATARATCCGCCAGA AATTGACTACCTTTCTCCAGAART
GGTGGAGTCAAGGGAATAT| SP SWISS-PROT  [ceCeTcCTGGCGTTTGAACTACTE
arArceccacraachrrec] PAP g;gfe‘" Databank [y craaanraceaccceanaca
TAGAATGCGCCTTGGAGAC! plr' AACARGCCCTTTTGOGAARATARCG
CGLGTTATAGARTTARBMGTA r,f PRF AARTCACTCCCGCACATATCACATA
ATACTARGTATCCATTTCT, p TATATTGCGATATTTGATTARATT
TTCTTGTTCATTTTTTCCT r'ef Refseq BAGAGGAARRACARGCTGAARATTGEC
TATGCATTAARRGTAGCAGA ATAATARAGAGTAATGCGARAGARRAMGC
ARARRAARTCGCTARMRGATA ACATTCAATTGTCTCAR




Abstract Syntax Notation:
ASN.1

Seg-entry ::= set {
level 1
class nuy
descr | GenBank
title erevisiae SZ88C Ipllp prote
and transTatre i
update-date
std {
year 19394 ,
month B ,
day 4 } ,
source {
org {
taxname "Saccharomyces ce
common “"baker's yeast" |,
db {

FASTA
Protein Tautiny Nucleotide

aromyces"

subtype strain ,



NCBI Toolbox

/************************************************************************

asn2ff.c
convert.aid-AS) ile

Toolbox Sources

* ok % %

RO S R R R R R R o o S

#include <accent
#include "asn2ft
#include "asn2ff
#include "ffpri B =
oo TtP> open ftp.ncbi.nih.gov
#include <objal

#include <objcog =
#include <lIsqgfet
#include <explo

s TLp> cd toolbox
renett ftp> cd nchi_tools

FILE *fpl;

Args myargff] = {.

tp://ftp.ncbi.nlm.gov/toolbox/ncbi_tools

{"Input asnfile in binary mode","F",NULL,NULL,TRUE,"b" ,ARG_BOOLEAN,0.0,0,NULL},
{"Output Filename","stdout"™, NULL,NULL,TRUE,"0o",ARG_FILE_OUT,0.0,0,NULL},

{""Show Sequence?","T", NULL ,NULL ,TRUE,"h",ARG_BOOLEAN,0.0,0,NULL},



’a MCBI S5equence Yiewer - Microsoft Internet Explorer

J File  Edt “iew Favortes Toolz Help
@ D A £3-
Back Earyard Stop  Refresh  Home [ ET]
J.-'-‘-.gldress @ hittpe & e nicbi. nlm. nibgoydentrez Aguenyfogi femd=R etieveldb=Mucleatideflist_uidz=0046024 3:dopt=GenB ank,

aQ &= I

Search Fawvaorites  Histary

Print Dizouzs

folone="npCC3a"

fchnE_lih="YCpSD library of Rose et al. "™
e 166, .1269

fogene="IPL1"

166, .1269

fogene="IPL1"

Sfunction="yeast chromosSome Segregation™

Joodon start=1

Sproduct=" I Lide=rrrm g, inase™
fprotein_ id
Jdb xref="GI o TiEel

Srtranslation="MORNS LV IEKLNANSPSEETTTRPN TSR INEFWR ISHISPQOQORIE
NaKIPEPVREELNELPVNNEEFLDHESSKIPSP IREATASENIHENEELFEFESLSLD
DFELGEELGEGEFGEVYCYVREHRS TGY ICALEVHNEREEI IKYNLOEKOFRREVE IQTILI
HPHNLTESYGYFHDEERVYLLMEYLVNGENYELLELHGPFND ILASDYIVOIANALDYH

HEENITHRED TKPENTIL IGFHNIVIEL TDFGUS T TNPPENEREETVCGTIDYTLIPEMVESE

[=hil
CDha

GenPept Protein IDS

ETE[E

asactoggat
ttagtaaata
acgtocagga
toasaaatac
Lttttggata
atgatacacy
Oy aaya
acaguatata
cagaaacast
asatcatacy
aatgyggasas
gattatattt

tttgaaatac
tLoasactasas
toastasaco
cttocacctgt
tggaaagoto
asasataagas
aattaggaas
tttgogoact
Loagaaggga
grtattttos
tgtatasact
atcaaattoo

AAacasaagas
cgctaattog
atggagasata
aagagaaaas
caasattoca
gotacctasas
gygtaaatto
gaaagtaaty
gytagaaata
tgatgaasaas
attgaggtta
caatgoocta

agaagtasas
coatcgasas
toccattogo
ttgaacagat
toacctatas
tttaaatcoo
gytasagttt
gJagaaggaag
caaacatcoo
agagtgtaco
CACOUACCot
gattatatogo

agguaatgoa
AgacCcacasc
COcagcasag
tacctgtaas
gyasagcgac
tatcactoga
attgogttog
asataataas
taaatcatoo
tgctaatgga
toaacgatat
atasaaagas

AgCoCaaaas
acgoaatagt
aagaccaast
asaccogast
caataagaag
ttottocaas
tgactttgas
gracaggagt
gtataattta
gaatctaact
atacttagto
tttagoatca
tattattcat

r__r_Wi}mmma




P uCH) Erpacrss Viemss  MuwiosdT Inlmesd §opdam
[ (¥ Yeu froms [ob S

=)

Bach

aJQﬁJJ

sty Fmie  Hesra

e

_II@J WG S e R v g Rl P e Lo el M T

5

CBI oo

= =
200000 OO AL

> MR LI Protem

-

ﬁ.ﬁh FJ’.‘.‘J‘E-’_ Loy H m [

Lo el LT

Diepiey [ ateun

Tovew (11 S0 Jrie 3

Lix27n
DEFINIILIW
ACLEESI 1
VIR I
pESLaORE
ML Y wClES
EonyCE
CEGAM DX

REFYERENTE
ATTRx]
TITLE

o N AL

RELLINE

¥ EERLD

REFERLINE

ATTIN.ES
TIT‘:.I

I 1: AAAZOASG [pllp proten b

:;a_".'if.’.':ﬂl

ALMI 2428 T aa linear FLY% O49-AUG- L5594
Ipilp rroteln Rinase.

ALLI 45 €

AAAIOADE 1 GTrd440244

leeus BCIMTAe] anterring FRV14]

facrchalumyTes Culgwis.ns
Ca EETevloiag
Luaryoria)l foejl, dcoerpodCal Serchalves oot ifas] Sadhalvarosled)
Hacchaltwroeialesr facc Thafozrycen.

1 Irezidusa 1 va Yo7

Feancizeo,L., Wang, ¥, aod <han, .9,

Tygpe | protela ghoaphatase o= in oppodition o Iphl otein
Rirmdw in frdulet ing yeual Shldedpims grgrogatian

Bol, Jell., P10k, 14 (T, 4700~-474D 11774

24z

20ONTFTH

ipaycf' 7 yoant)

- TE—
e T o

hajomw=—ataceme] Du:

Fi (FeAaLmijnm 3
Chean, .3

BAFaI
Saboilind

ta anl|

By ammran




P RCHT Srqurres Viemes  Suciosidl [isred | apham
[ [& Kee Fgome [od bde

o,
bea

o

3 2

Sign  Fekeery s

aQa u .9

by Fommim  becny

‘HI’J oy Sy B vl e 0 iy P s o) el 996 |

FIBELD
REFEFINCE
ADTHONS
TITLY
JOUER AL

ConEENt
FEATUML:

mauLe

CRIGIN

i

B3 g g
el B

i

Chan,C.2.

ryrese o

Gl GEed {2¥-FEER-1534) “larence S.8. Cranp,
Hiccooiolory, Univearziry -1 Texanw at

e | M LOR

Byl lding, Foom 224,
conceprysal tCanmiatian.,
Lezag hon/ Gualifiee s

Hretbodj

o o lvnik
vt | e
LYELESTITAE
e ; LRy
1Riv.dfgyuen]
feennzdtLy
Twsar |

Reaed Aoy 9, §954

a

1..367

[teoidyses | 19 JeT)

Aurtin, TX Tavil, DNA

Avsting,

ban

Jorgant e "SacCusl @y CAn CEICVIBIAGT
frerawne i oo~
Jdb_xeef="ras<on14931"
Jelone ="pSiTe

fclone_ito="Y(p50 librecy of Pose er al,
1..367
Jptoduay-"Ipllp prtotedn RiLase™
flopecrtlgoe™yeast Chi-mcsoms Aegrager:n”
L..357
fyspa-"]PLL"

{doidad hyp="D007163. 11166, .1269"

ltaarmpsrkL
gaxlpapicy
alr==sxsgl
Rilcita)pin
InpranrT Xt
Erilaaldy

—LrpRLIEAN Epol ) rha g
ALashs lbhvin Xkipafoale
Iaynigqegie cevelgTien
dilnz3yiyq lankaldimnk
YT id7ian eeNesge Il
praleqoasgd luixiikydp

AT B2 LE
Lekcife Lawx ]
hy G Tsy Iy
Enithrding
tidnvalgvl
Korug l ey

t=enl O
Experimmntal SSimncs

VL ~KiIncip
JEgRfoXYye
Eha=kTvyll
enlligfoany
afe Ll Gapy
whyullepkp




TR MBI v Mol Inteanst F epdose
fin EN Ko Vpoms [om Hew

R R e T B

R 1) bz 7 omma it i oo r T 02 Amrn Noma 02

Query: glii6ir2 4 Regulation of yerst ehrvmmsomw regregation: Jpllp |[Sarc aromycet cerevisiae]
Mok hing gh: AMISOT, TIPNES, LET043, 03 08HT

COIA LS maigned by Coguiter {3 beut him)
100 BLAST hits 10 51 undqoe species Yurt by tomsmy prosionty

|‘ '_!,\__I—:;_-_ji‘_-.--l @ E'_':"_I"F-_‘ Iﬂ- :-";.pr_-_--.l._ ' = !} ;i:‘.‘! .. .'-.u.[-'l."'l “ | - i'iﬁ": r_‘.:

Fooep wly I

67 aa

fha
-

Accyzap o PRSTEDH PEICBIRTICN
CAAVIENYE 117 perfenL pL12ni0 Rinare [J2hizorwsChalomoes powin ]
CARTESRLS G E2 pdolqlés (Yecapaa lawvia)
CAatE1E 2Tel) Trrirefthrsonine prfozein kinane Eyl-like [pi6XIIg21)

CARTEOLY pOFim) FALXLLITE [Lenupus Llanvis]
AMSINIST R <L4NY] peCloo/~“hNIEORiCe ¥iRass 1Y [Mwn gapiond)
AL 1313137 megamefthrdoning Rinasr [RODO papiens]

LO7DEL aurcra~-teiatsed Rioarg 1 [ Doss pepr~ns|

s24l847 anfore’lPLi-related Ninssr [Howo papimrs]
AMTRE?1Z JE0GE35) augace B (Xencuum laevia)
AAGLEInY  FRSETT) protean Kinase AIPWIL [Xercous lasvie]

S st asgrlat gl Euimmee 1 (B 2.7 o) - homan

:‘l - W -

il

|

b o iy A e e i e e a BT

g e —

| o v

I'1|

ity




T} aMECIAM viem  Mroamsil Dwann] B apdtens
foo 0 Do Fpomm [k U

> . = ﬂ Bl A

Bal Fietes | Hame

2 s
Smarh Fovabm Memey

<

oy

by -qu

".-‘]i’.] L raa T e b Erecstivs 'r:c!u-lEJl.l..l

[

wl el b nd e ule ule ule o ol e gl e B e o e o e e B e ule B e e e e e e

| | |

|

|

|

‘l

. , J
SEEEL

c
wl
i

}

o
o
-

f

|‘
&
=4
by

r

|

- oy B ¥
(¥T E'l'l'
s b

|

Bia?efg:

AAY2EHIE

[ ]

N

o

¥ = [lad
—
"

Pl v
o

=

.F
i [es

»

AABRLIaX 2

reag4d7

ALBiA7I]

el

BACE

I1_‘

P RN

ARCH apLe
AACOGINY

119Dy
2BTIEAD

ALTMLFTEL

14802490

AARC] 205
AAME S0

15342048

AdL B2 [o4
ARr=Bmag
BAa21T94

IS 174
3.":‘-1*1.1;

2adpiaa

BACYRA TN

FEI45374

AACTT ARG

JCAGRE

ARMERIOR

TaAT4pNE
)..ll_ 1Y Emy

LF_1i8131

!F?GTE
AL BT

% o

i
Pl L

AACTEES !
AARERTIE

fIOoSEaLL
UL

ha=Ten

ZE207504

RaLls &S

W Ty

AACTAIHY
B AR T

12RO
CEEEHAR

ARG YR

inqleltd

C LESO0n0n

R L
A ENTL

WL 3

TInlis: Lo Becinz/Lhics re
ducorafIpll-related Kindee 3 [Nomy maplens)
peficefehtconine Kineze AIE] [Fur mocaculus)
ptrite/thoconing Rinaae Jykl [Bas susculus)
gnpine/thraonlng Kingse § [PMis wraoulas]
unnesmsd progtein poodust [(Hus euscouluo|
arrine/rhredpnine Kinass AYEZ [Hos snapinpa)
Furative prot®if Kinmaes
Pnkovown {pcotsin f2oc EGC:11031)

Unenomn (prot=in Zoc PMeC:4i40)
Burn{a-goiafed kinaen J [ Ho==d pabicons]
sapipefthieonine Rinsmye ATFD [Mur =uscylus]
LiB=1 [Parc.s norveglcuy]

ufipamed pratein peodust [Rus soscglus)
Barine/threoning mipanss Y [Moro saplens)
POOTwLN Kifmds [(EC 2.7,1.37] = miilse
muroCn- [1ke =mecine/thrscnine Kinsse]
ETE-1 {Mad muacylen]

aufafm-Ltolntred kinase (Bua mesculual

et fthieonine wionre % [Bus mualilar]
auidrd-telated Klrmasz | [EC Z. - EussE
aurara A [(Fosris rocyegioowe]
prrane/thresnite kinpsrs [ituso gaplens)
protein Rinase [Homs poapiana|

i.-—.ul

protern EBOIOT.A [1oported)] = CasrdrbabdeIiie slegans

auUPllis] [Ancplrles pnatias atp. PEST)

G Ti g

LACAB)Sapala Lhaliaka)
[ Homd sehlsgn)
1PL1 sudl aucod e felaced kinase 1 [Mis museylun)
{Homs zaplens)

sectnueftheecnine Kk

apradaf [pll-r=loted prafeln Kivasz 2 [Caandihaliiitis el

el [Boed maplens|

putativyr probt=in kinasqe [Arabldopaie thalliagal
InAftLir=sning hracain minsss [Aranicy

PuUrarjye mssQ

weim

pnrative sefsftaftlaentine protain Kirmee [Lcantpdnpsig ¢

w30 -TA Dcozovhila m lansastect

EﬁIlnﬁhh--nnunnhgwmqphmiinam-iﬁmﬁiﬁﬁiulqgrdﬁtil

T e v

=




SR NCHT £ Sommtey  Macuryol) bdomad | opimen
fe BN Yeu Fross [o& e

1:& > = ﬁg n-‘.J-n é sEh r-‘ii Hﬂ: '\?"; ﬁ! tr;i

wrﬂJ WD et 72 g e el = oA g ol 1 BEUT_TYRE —eoe s A SEQUENTE 457120

NCR] NCBI Conserved Domain Summary

Query= @i/ 16021 gquo Aaditinld, 1) Ipllp protein Kiness
LE3AT wmtrumpm

Databame: cod.v,1.63

[Crick en boes tes munple shgnrents

] ] -

'W'ID-mmu-n Pl ofren-g Em.lr-nn-luma M E el m Il‘.':ﬂmh

Lt | Comslormat: | YNSie £ Ohe blp Thabs

5 | HLH | M




SR NCIN Feusreed Dmman Databass  Mmmsoll insnsd §spdss
' Ehﬁall Ywe Froms Joi xe

- .
. P -

J

e

a

-‘ml@] D, £ et 1 R gt g e el SO, oL Y

Jeach Entro: . l Sty

CDD Help
NCBiHanabook

Hemp ow £ D nlgang
s [haraliaces

CD-Search

A LT |
qul=aw 40 wEden

CDART

enizernd [oman
St pelirc b Walimeesl

T i
LA

Smart

o]

¥ A Conservad Domaln Dalahase and Search Service, v1.60

Poofons Glat coniann Sauaral eSO enains, earnyaln a
ANt gvdulinnany Ciroe godd func o Tha CEWSearh connlo
ray D2 Need [0 nlently Mo Consdramg rnans ptasanling
Tl 1t Rl

Run 111 %eyvhe

Sewch Denses |00V 6 -10013F 530 ) | Sl Dusry
Enfet Pratain peory e Acqsvmon, Bi, m Sequints i FASTA firmal
TAALRILS |

|
bot asvancod sptors

by xopwid

Howl abiod = farnral Sesonpnan, chrkoe
Lo np a8 Ce ol QRS Jeline ernitacs: s
AAMEAINS DS Of (A UMY SaJusne
CrarTamms o oot s CUAD cunrandhy codttadns

Anarps man ™ Rt P P orss e ] e

e 8 —— (T T ] ] PP gl PRI



SINCI CG-Swch Meciimd? Inddorses | spimos
fm 3 Yee Fross [ob e

e et

*-II#J My e P2 i v S el e ol g ol D

[J:h,‘_'lu Sy DA g |ru‘i1,r_.:“ gty et

_HHI gt Ay el altee §

® T CD aimrerer nokides 3D argaue T boplay emxctiae, drandcad CalD!

PESMi preduis apdicand Semmes

@ T DDEE 300120, §_TH., Srrme Mhivotme protem kamasss, catabu do
@ =T IEME  rnanXE0, 3T ¢, SermefThreotne proton bxaazes, Catabvin
O @l DI planO0EY, pimare, Froten bmaze -oman,

@ pni " c A1 %2, Tyr¥c, Tyremme pmare | ratahioe Jomer. Fherphatn
Oy VDR rmai219, TorKe, Thooos kmase Cdadyuc dienary §homphor

EEN{a g 2= ] = §or

| A% Ta A OIS, Darbam scterze d tvoler weh pevtem ke

[
.a—_-__.__.-_.  —— e —— R g R i R o ety W, B



SEHCH CT Semeh  Mimima Indsarss | aplimms
fin L4 Yo Fpromm [od S
. 0 3 N & u
fran  Feteet  Mame  besh  Favsle
e -
{H_J Py A e £ B il W " et S " g il L3 j 7 ™

o
-
Agrmen

4l

® oD I, e[ 50 S_ The ZervaThic-ome gootem bantire ¢ advac comume Thompbemdferares. 1ornc of Brconme rpecdie

Ymade rubfanady The segymand scuvey of thooe pactem komare s o cordrolied by cherphontaton ol specde rendots mthe »ivaton segrant
of thr Aoty -Loman, Sooertans ¢ coambaed with revermbde cordematicona chargst m e U -brromal stoecgrilatony L

Chalengrh & 257 rezroun, “i.2v aljigresd
Toare = 304 bite 1981, Ixpec: = fe-d4

‘L Y FELOFF LR R TLL I T I Ve Ll BT LSS R R L LV R L oL RS
eyt TELL S LG G ar  TL AR LT T O LY S IET I XS L - ECEC TLCY TETLMP. LN

SumEyi LRI R P L F L IV TP AGEGIL Y4 SR AR P SV AIRT L AR AL AT LY Y
L2 R ] NRLVEYY L FEELNLY M W S G E L P DL N RSGPLOE L L AR) TR R I LS AL X VLIS

Leary:

L OEL VPSR LL sl | L G e SMAT MR TTLC T TLO TR PPN BT T EY
Sbyet: Lo

FLEFENGL PN FLADTGL MO S T L TT M TP L T BAN VL L O Y OF A Y

CUsLY: ; JLEAELEE LTI LV P T e AN ATTIER La O LE- -~ 1 PRV E R L 1AL LT
et S I LT LT o PO - I LLE  LEGLG THFDEL IR T0 LANEL I XFXLLVY,

w2l Yt NPITeEn L L TRl el
ot IFEERLTLAD ALY 9Y e

® L, 00220, S_TR e, Senne/The conne proten Jusdsee, ¢ stalyo: doman, Fhowphotanderarer Sawe oo thercrme rpechic

A e )

Yriger b Smmby

CO-lecgch = 256 cmardurs, 10D.0% Aligred
feage = Y02 Dite [774), Ixpe~-3 = Ye-B)

Tmems o FEpw PRI IR S e e sl Sl ——

T e L [ g = e, B T T E——
















Why align sequences?

* Functional predictions based on identifying
homologues.

Assumes:
conservation of —______ conservation of
seguence function

BUT: Function carried out at level of proteins, I.e.
3-D structure

Sequence conservation carried out at level of DNA
1-D sequence



Implicit Assumption of Evolution in
Models of Sequence Homology

Assume:

Sequence conservation = Structure conservation

Note that the converse is NOT necessarily true!

Structure conservation *» Sequence conservation



Definitions

« Homologue:

a relatively non-specific term (meaningless?) that conveys the idea that
two sequences are somehow related

 Ortholoque:

Ortho = (greek) straight....implies direct descent, 1 ancestor

Vav human
_ human Vav
Vav bfVme =Or = avian Vav
ovine Vav
Vav avian
‘ dinosaur Vav

Vav elegans
Ye’ olde Vav



Definitions

 Paralogue:

Para = (greek) along side of....implies some type of gene duplication
event

Vavl human €<—» Vav2human <—» VVav3human

(1 e

— o &7
¥
IS I -Or-
‘ N I
IS IS 1



Complex problem

Chicken Vav
Vav1 human Vav2human Vav3human

Orthologue or Paralogue?

Need to know evolutionary relationships

Can try and get these from alignments as well...



Alignments- Good Bad and Ugly

HgbA-human

GSA VKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKL
----- S e i s

GNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKL
HgbB-human



Alignments- Good Bad and Ugly

SPURIOUS ALIGNMENT
HgbA-human
GSAQVKGHGKKVADAL TRNAAMAHVDDMENRATL SALSD----LHAHKL
i+ D+ 4D - S D 4+ - +4+Z o+

GSGYLVGDSLTFVDLL_>AVUHTADLCAANAALLDEFPQFKAHQE

Nematode glutgth+efe S-transferase

HgbA-human
GSAQVKGHG KKVADALTNAVAHV———D——DMPNALSALSDLHAH KL
++ ++++4+ 4+ ++ 4+ + +- I+ +t4+ -

NNPELQAHAGKVFKLVYEAAIQLQVTGVVVTDATLKNLGSVHVSKG

Leghemoglobin, yellow lupin



Alignments

 Types:
* Local
* Global
 Ungapped
 Gapped (2 types- linear, affine)

e Methods:

Dot matrix
« Dynamic Programming
 Word, k-tup



Simplest alignment representation — Dot plot
Model: Need a metric of similarity between amino acid pairs

Simplest metric — unitary matrix, identity matrix

A|[C|D|E|F|G|H|I |K
AlnJ0 [0 |0 |0 0|00 |0
C 0|0(0|0 0|00
D 0|0(0|0|0 |0
E 010 (00 |0
P 0|0 (0|0
G 00 |0
H 1|0 |0

1|0
K 1




Example — self alignment

0000

o(1)o o

(1 i

000
0000

oo

1[0 [0 |0 |0 |0 |0

0 [0 o [0(1)o]o]o

00 (0|0

1[0 [0 |0

0|00 |0 |0

(L)

0|00 |0 |0

0

0/0/0(0(0|0|0|0|0|O

0

GIFDIS|IFKIRIL|EIF|S|E|V

G|1™]0 |0 |0




.with sliding window

Example — self alignment....

A
> Oo|l0o|l0o|0o|o|o|lO|O \O,VO
Wiolol|o|lo|o|o OO
SOQ\OM%_/OOOM\O\ O\A
Fﬂ@OArHVOO& A
\O\ Oo|lo|Oo|lo|O|O
— OOOOOO\«\
ROOOOOO\«R‘
KOOOOO\
L Oo|ld|O|O
Nio|lo|o
Alo|lo
L | O
O|4

Dl alniw| x| x|l TR




Example — self alignment

O\
4
0

0 (0
010

0|0

o

FIS|E|V

o

0000

1.[0 [0 |0 )Q |0 |0

0|0 (0|0

1[0 [0 |0

000|000

olololo|oo|ONO

00|10 oo N0 |0 |0

GF|D|S|F|K|R|L

G|NO|O[0|0]|0|O

F




Simple alignments

Self alignment — Dot Matrix

— 0
1 > 200 /

, . . \\\
/

200

symmetric



Now align two different sequences

* Consider other similarity matrices
besides identity....
« Chemical similarity — binary decision

« Amino acid conservation In aligned protein
families — min. similarity score (+/- window)
- Average of multiple scoring systems



Dot Matrix Alignments

Sequence#1

Sequence#1 1
1

N

I
7/

Note — NOT symmetric

A Local Alignment



Dot Matrix Alignments

Sequence#1

Sequence#1 1
1

Insertion

rtion

A Global Alignment



General Rules for Dot Matrices

Advantage — let’s your eyes/brain do the work —
VERY EFFICIENT!!!

DNA comparisons — long windows and high
stringencies (11/7, 15/11)

Proteins — short windows and stringencies (1/1)
EXCEPT In looking for domains — then longer
windows and smaller stringencies (15/5).

Note — we can use these types of self-aligned matrices
for more than just sequence comparisons...i.e. distance
between side Ca atoms in 3d-structures etc....maybe
later in the course!



Computational Efficiency

Measure efficiency in cpu run time and memory

O() = “big-oh” notation

Both scale as size of the problem, measured in number
of units, n, in the problem, i.e. run time is f(n).

Analyse the asymptotic worst-case running time....
Sometimes just do the experiment and measure it....

If problem scales as square of the number of units
in the problem
O(n?) (=order n-squared)



Examples

O(n¥) is “polynomial time” as long as
K<3 .....tractable

Consider our un-gapped dot matrix
Global alignment:

1 » n

! 12345678....

‘/,/"' 12345678...

12345678....
12345678....

12345678....
- 12345678....

....essentially an O(mn) problem



O.K. Examples

O(n) better than O(n log(n)), better than
O(n?), better than O(n3)

Terrible Examples

O(k") = exponential time....horrible!!!!

NP problems- no known polynomial time
Solutions = non-deterministic polynomial
Problems.



